A hybrid plasmid, pSCl34, that codes for two distinct sets of replication functions has been constructed in vitro by ligation of EcoRI endonuclease-cleaved pSCl01 and Col El plasmid replicons, and has been introduced into Escherichia coli by transformation. The replication properties of the pSC134 plasmid in DNA polymerase I-defective mutants or in the presence of chloramphenicol indicate that this hybrid plasmid can utilize the functionally distinct modes of replication specified by both of its parent replicons.
Current information suggests that replication of various extrachromosomal DNA molecules (plasmids) in Escherichia coli may involve at least two distinct modes (1) (2) (3) . Replication of the colicin El (Col El) and cloacin DF13 plasmids and minicircular DNA from E. coli strain 15 does not require de novo protein synthesis, and is strictly dependent upon DNA polymerase I (4) (5) (6) (7) (8) (9) . In contrast, other replicons such as the fertility plasmid F, the antibiotic resistance plasmid Rl, the Lemolysin plasmid Hly, and the colicin plasmids Col V and Col lb have DNA synthesis requirements that closely parallel those of the E. coli chromosome; normal replication of these extrachromosomal elements can occur in DNA polymerase Ideficient cells, but requires continued protein synthesis (8, 10, 11) .
Although in vivo recombination between different bacterial plasmids has been well documented (e.g., ref. 12) , little is known about the functional interrelationships and mutual compatability of separate and possibly distinct types of replication mechanisms that may co-exist on a single plasmid molecule (13) . Yet, information about the functions of such recombinant replicons is of fundamental importance to an understanding of plasmid evolution. The present report describes certain replication properties of a hybrid plasmid that has been constructed in vitro (14) by the joining of two different EcoRI restriction endonuclease-cleaved plasmid replicons. The plasmids Col El and pSC101 (15) were used as parent replicons in these experiments, since these plasmids have clearly distinguishable replication characteristics, and insertion of DNA at the single EcoRI cleavage site of each plasmid does not interfere with its replication (14, 16) . Our results indicate that the pSC101-Col El constructed hybrid plasmid exists as a stable replicon in E. coli, where it can utilize the replication functions specified by both of its parent plasmid molecules.
MATERIALS AND METHODS
Bacterial Strains and Plasmids. SC181 is E. coli C600 rK--mK- (17) 5 units/ ml of colicin El, which was isolated and assayed as previously described (18) (19) (20) . Other plasmids were transferred into SC181 and SC294 by transformation (21) . Covalently closed circular DNA was isolated by cesium chloride-ethidium bromide centrifugation of detergent lysates prepared from plasmidcontaining cells essentially as described by Clewell and Helinski (22) . EcoRI restriction endonuclease (23) was purified from E. coli strain RY13 (24) (kindly provided by H. W. Boyer) through the phosphocellulose column chromatography step (24) . E. coli DNA ligase (25) was the generous gift of S. Panasenko, P. Modrich, and I. R. Lehman. The procedures used for construction of hybrid plasmids in vitro (14) and transformation of E. coli by plasmid DNA (21) have been described. Transformants were selected on nutrient agar plates containing tetracycline (20 ug/ml) and colicin El (5 units/ml). Analysis of fragments generated by EcoRI endonuclease by electrophoresis in 0.7% agarose slab gels has been described (26) .
Sucrose gradient analysis of plasmid DNA was carried out in 5-20% neutral gradients containing 20 mM Tris -HCl, pH 8 .0, 1 mM EDTA, and 1 M NaCl, as described previously (15) . The internal sedimentation marker usually included in such gradients was 14C-labeled Col D-CA23 DNA, which was isolated from E. coli K12 strain W3110 Smr(Col D-CA23). The observed sedimentation coefficient of 21 isolated from a clone which failed to produce colicin, but which expressed colicin immunity as well as tetracycline resistance, consists of a single circular plasmid species which is larger (i.e., migrates more slowly through the gel) than either of the two parent plasmids.* This plasmid DNA is cleaved by the EcoRI endonuclease into separate fragments having the size of linear pSC101 and Col El DNA. The relative intensity of fluorescence of these fragments is roughly proportional to the molecular weights of the pSC101 and Col El plasmids, suggesting that the two parent DNA species are represented in equimolar amounts in the hybrid plasmid (plasmid designation pSC134).
Sucrose gradient centrifugation of pSC134 DNA ( * Agarose gel electrophoresis of uncleaved DNA is a general and rapid method of distinguishing recombinant DNA from separate plasmids present in doubly transformed bacteria. The procedure is particularly useful for this purpose when the ligation step may not be efficient (e.g., where DNA concentrations are low) or when one of the required DNA fragments cannot be selected in the transformation step.
t As used here, the terms relaxed and stringent do not apply to plasmids per se, but only the behavior of a plasmid in a particular environment. We consider replication of a plasmid to be stringently regulated under the particular conditions prevailing if its duplication is approximately coupled, directly or indirectly, with chromosome duplication. Conversely, relaxed replication is characterized by an increase in the ratio of plasmid to chromosomal DNA. Replication of any given plasmid may be either relaxed or stringent under different experimental conditions. Our definition assumes that copy number and mode of regulation of replication are independent characteristics. (Fig. 2A) or pSC134 (Fig. 2C) plasmids; however, little replication of pSC101 plasmid DNA was observed in the presence of Cm (Fig. 2B) lg/ml of thiamine, 0.2o glucose, 3 jsg/ml of thymine, and 100 Ag/ml of trypsin (9) to a cell density of 6 X 108/ml. They were then diluted to 1 X 107/ml with prewarmed fresh medium and incubation at 430 was continued. At 0, 120, 240, 360, and 480 min after the shift to 430, samples were removed and dilutions were plated on nutrient agar. After incubation of the plates for 36 hr at 320, those containing between 60 and 120 colonies were replica-plated onto nutrient agar containing 20 Ag/ml of Tc (filled symbols) or pSC134 plasmid under conditions that prevent Col El DNA synthesis, we have studied maintenance of the hybrid plasmid in a bacterial host carrying a temperature-sensitive polA mutation. As seen in Fig. 3 , neither the pSC101 nor pSC134 plasmid was lost from cells of strain SC294 (PolAt8) when such cells were grown for an extended period at 43°. In contrast, under the same conditions, the Col El plasmid was lost from 95% of host cells that carried this plasmid, whether or not an autonomous pSC101 replicon was present concurrently. Since loss of Col El at 430 occurs in cells that carry both the autonomous Col El and pSC101 replicons, we conclude that the observed continued maintenance of the pSC134 plasmid at high temperature is not the result of a function provided trans by the pSC101 component of the hybrid molecule.
Additional support for this interpretation is provided by the Cm sensitivity of replication of the hybrid plasmid at 43°. If replication of the pSC134 plasmid at 430 in a temperaturesensitive PolA host resulted from use of residual DNA polymerase I (9) by the Col El replication apparatus, such replication would be expected to be Cm-insensitive. Alternatively, if the replication at 430 is controlled by the pSC101 replication machinery, this replication should be inhibited by the antibiotic. As seen in Fig. 4 , replication of the pSC134 hybrid plasmid in the PolAt8 host (i.e., SC294) occurs in the presence of Cm and is relaxed at 32°, but does not occur to any significant extent at 43°. Since relaxed replication of the Chloramphenicol inhibits pSC134 replication at high temperature in cells that produce a temperature-sensitive DNA polymerase I. E. coli strains SC294 (pSC134) and SC181 (pSC-134) were grown at 320 in Ibroth containing 100 ug/ml of thiamine, 0.2% glucose, 3 ,ug/ml of thymidine and 1 ,uCi/ml of [2-14C] thymidine (plus 250 ug/ml of deoxyadenosine, in the case of SC181) to a cell density of 2 X 108/ml. The cells were washed and resuspended in fresh medium containing Cm (180,ug/ml), but lacking radioactive thymidine. The culture was then divided into two parts, which were incubated for 2 hr at either 430 or 320.
Both parts were then labeled for 1 hr with 10 lCi/ml of [methyl-3H]thymidine. The cells were lysed and the DNA analyzed by centrifugation in CsCl-ethidium bromide, as described in Fig. 2. For brevity, only the 430 plot for SC181 (pSC134) is shown. The 320 plot for this bacterial host was similar to the 320 plot observed for SC294 (pSC134). pSC134 plasmid takes place at 430 in a wild-type host (strain SC181, Fig. 4 bottom) , it appears that the observed Cm sensitivity of replication at high temperature in strain SC294 is a specific consequence of inactivation of the thermosensitive DNA polymerase I. Thus, replication of the pSC134 hybrid plasmid in the DNA polymerase I-deficient mutant is accomplished by the replication functions of its pSC101 component fragment. Although we have shown that both sets of replication functions in the hybrid are operationally competent, it is not presently known whether normal replication involves both or one of the component replication systems of the plasmid, and whether such replication has a single or double origin.
Earlier studies carried out in a number of laboratories (27) (28) (29) (30) have shown that certain naturally occurring plasmids consist in E. coli of cointegrated replicons, which can dissociate into separate autonomous plasmids in other bacterial hosts. Moreover, two structurally distinct compatible replicons have been isolated by cleavage of DNA from one of these plasmids (i.e., R6-5, ref. 14) . However, it is not known whether both of the component replication systems of such plasmids are capable of functioning when they exist as part of a single plasmid molecule. Our present finding that a constructed hybrid plasmid can possess two distinct sets of replication functions implies that recombinant plasmids containing more than one set of replication functions may exist in nature. Moreover, the ability of the pSC134 hybrid plasmid to use alternative replication machinery when the normal functioning of one of its replication systems is prevented suggests a need for caution in interpreting the replication requirements of (possibly recombinant) naturally occurring plasmids in various DNA synthesis-defective mutant or in the presence of metabolic inhibitors. 
